Abstract. Cervical cancer is currently one of the major threats to women's health. The overexpression of heterogeneous nuclear ribonucleoprotein A2/B1 (hnRNP A2/B1) as the biomarker has been investigated in various cancers. In our previous study, we found that lobaplatin induced apoptosis and cell cycle arrest via downregulation of proteins including hnRNP A2/B1 in cervical cancer cells. However, the underlying relationship between hnRNP A2/B1 and cervical cancer remained largely unknown. hnRNP A2/B1 knock-down in HeLa and CaSki cells was performed by shRNA transfection. The expression of hnRNP A2/B1 was detected by western blot and Quantitative Real-time PCR. Cell proliferation, migration, invasion and the IC 50 of lobaplatin and irinotecan were determined by MTT assay, Transwell assay, Plate colony formation assay and wound healing assay. Flow cytometry was perfomed to investigate cell apoptosis and the cell cycle. The expression of PI3K, AKT, p-AKT, p21, p27, caspase-3, cleaved caspase-3 were revealed by western blot. Nude mouse xenograft model was undertaken with HeLa cells and the xenograft tumor tissue samples were analyzed for the expression of PCNA and Ki-67 by immunohistochemistry and the cell morphology was evaluated by hematoxylin and eosin (H&E). Results revealed that hnRNP A2/B1 was successfully silenced in HeLa and CaSki cells. hnRNP A2/B1 knock-down significantly induced the suppression of proliferation, migration, invasion and also enhancement of apoptosis and reduced the IC 50 of lobaplatin and irinotecan. The expression of p21, p27 and cleaved caspase-3 in shRNA group were significantly upregulated and the expression of p-AKT was reduced both in vitro and in vivo. The results of immunohistochemistry showed that PCNA and Ki-67 were significantly downregulated in vivo. The growth of nude mouse xenograft tumor was significantly reduced by hnRNP A2/B1 knock-down. Taken together, these data indicate that inhibition of hnRNP A2/B1 in cervical cancer cells can inhibit cell proliferation and invasion, induce cell-cycle arrestment and trigger apoptosis via PI3K/AKT signaling pathway. In addition, after silencing hnRNP A2/B1 can increase the sensitivity of cervical cancer cells to lobaplatin and irinotecan.
Introduction
Cervical cancer is one of the most severe malignant tumors and it also has high rates of morbidity especially in many developing countries (1). China's National Cancer Center earlier published data showed that the incidence and mortality rate of cervical cancer is 10.4/10 5 and 2.59/10 5 (2) . Contemporary management of cervical cancer involves chemotherapy, surgery and radiotherapy (3) . As recommended by the National Comprehensive Cancer Network (NCCN), Platinum-based chemotherapy is often used in cervical cancer management (4) . However, common platinum-based drugs, for example, cisplatin, often induce resistance. Thus there is an urgent need of novel drugs for cervical cancer management (5) .
The heterogeneous nuclear ribonucleoprotein (hnRNP) family consists of approximately 20 hnRNA-binding proteins and most of them are related to key biogenesis of messenger RNA (mRNA) (6) . The hnRNP A2/B1 complex are important Knockdown of hnRNP A2/B1 inhibits cell proliferation, invasion and cell cycle triggering apoptosis in cervical cancer via PI3K/AKT signaling pathway members of hnRNP family and are made up of the proper proportion of protein A and protein B, it has been proved that hnRNPs regulate transportation and splicing of mRNA in cells (7, 8) . Several studies have demonstrated that hnRNP A2/B1 was highly expressed in gastric adenocarcinoma, pancreatic cancer and glioblastoma. Overexpression of hnRNP A2/B1 in non-small cell lung cancer increased cell proliferation, while downregulation of hnRNP A2/B1 enhanced apoptosis of breast cancer cells. Importantly, hnRNP A2/B1 has been used as biomarker and prognostic indicator in non-small cell lung cancer (9) (10) (11) (12) (13) . However, the role of hnRNP A2/B1 in cervical cancer has not been fully studied. Phophatidylinositol 3-kinase/protein kinase-B (PI3K/AKT) signaling pathway and its downstream targets play important roles in tumorigenesis. For example, PI3K/AKT pathway trigger tumor cell death through binding to Bad/Bcl-2 complex and inactive caspase-8/9 (14, 15) . Moreover, the PI3K/AKT signaling pathway is involved in cell proliferation by activating cyclin dependent kinase (CDK), upregulating cyclins and downregulating p21/Waf1/Cip1 and p27/Kip2 (16) . A study based on the Cancer Genome Atlas revealed that the expression of the subunits of PI3K/AKT varies in cervical cancer, ovarian cancer and uterine epithelial tumor (17) . However the relationship between hnRNP A2/B1 and PI3K/AKT in cervical cancer has not been fully clarified.
From previous research, we found that hnRNP A2/B1 was inhibited in CaSki cells after treatment with lobaplatin (18) . However the relationship between hnRNP A2/B1 and PI3K/AKT in cervical cancer is not clear and the underlying mechanism remains unknown. Thus, in this study, we explored the role of hnRNP A2/B1 in proliferation, apoptosis as well as relationship between hnRNP A2/B1 and PI3K/AKT pathway in cervical cancer both in vitro and in vivo.
Materials and methods
Cell culture. Human cervical cancer cells HeLa and CaSki were purchased from the cell bank of the Type Culture Collection of Chinese Academy of Sciences (Shanghai, China). Cells were cultured in RPMI-1640 medium (Hyclone, Logan, UT, USA) supplemented with 10% fetal bovine serum (Gibco, Grand Island, NY, USA), 1% penicillin-streptomycin (Solarbio, Beijing, China) and 1% L-glutamine (Amresco, Solon, OH, USA) in a 5% CO 2 incubator at 37˚C. The medium was replaced every 2-3 days, and subsequent studies were performed when cells in exponential growth phase.
hnRNP A2/B1-shRNA design and cell transfection. pGMLV-SC5 RNAi lentiviral vector ( Fig. 1) was purchased from Genomeditech (Shanghai, China). We followed the criteria described by Invitrogen (Carlsbad, CA, USA) to design multiple shRNAs targeting hnRNP A2/B1 or negative control mRNA sequence. Four of the positive targeting sequences and one negative shRNA against hnRNP A2/B1 sequence (Table Ⅰ) were specially chosen for subsequent studies. Synthesized oligonucleotides (Table Ⅱ) were annealed and ligated to the BamHI/EcoRI sites of pGMLV-eGFP to produce pGMLV-eGFP-shhnRNP A2/B1 or pGMLV-eGFP-shCon, eGFP expression was used to exhibit the infection of lentiviruses. The HeLa and CaSki cells were cultured in RPMI-1640 supplemented with 10% FBS, 1% penicillin-streptomycin liquid and 1% L-glutamine at 6-well plate. When the cells were in exponential growth phase, the medium of the negative control of HeLa or CaSki cells were replaced by medium with NC-shRNA diluent and the positive group were replaced by medium with hnRNP A2/B1-shRNA diluent. After 24 h, the culture media was replaced with RPMI-1640 medium, and cells were incubated in an incubator for 72 h. HeLa and CaSki were further screened in media consisting of puromycin (2 mg/l). Because pGMLV-SC5RNAi lentiviral vector contains eGFP and anti-puromycin gene, the cells transfacted with lentiviral vector can reveal green fluorescence. Then the eGFP-positive cells can be picked up for further analysis.
Quantitative real-time PCR analysis. HeLa and CaSki cells were transfected with either control or hnRNP A2/B1 shRNAs as described previously, total RNA was extracted by trizol (Invitrogen), cDNAs were synthesized from total RNAs by SuperScript VILO cDNA Synthesis kit (Invitrogen) according to the manufacturer's protocol. Quantitative real-time PCR was performed by SYBR-Green PCR Master Mix (Applied Biosystems, USA). The specific primers for cDNA were as follows: hnRNP A2/B1, sence: 5'-GAT GGC AGA GAA CGG TGT GAA G-3' , and antisense, 5'-AGG CAT AGG TAT TGG CAA CTG C-3'. β-actin, sence: 5'-GTC TCC TCT GAC TTC AAC AGC G-3', antisence: 5'-ACC ACC CTG TTG CTG TAG CCA A-3'. β-actin was considered as an internal control. PCR reaction conditions were perfomed as follows: 95˚C for 10 min, and 40 cycles of 95˚C for 15 sec and 60˚C for 60 sec. The respective gene expression were calculated by the 2 -ΔΔCt method. Cell proliferation assay. HeLa and CaSki with hnRNP A2/B1-shRNA, NC-shRNA and control group cells were digested by 0.25% trypsin (Gibco), diluted to 5x10 4 /ml and the single cell was suspended in 200 µl culture medium and then seeded in 96-well plates to culture in a 5% CO 2 incubator at 37˚C overnight. Subsequently, the medium was respectively replaced by 200 µl of new medium that consisted of insulin-like growth factor 1 (IGF-1, Prospec-Tany Technogene Ltd., Rehovot, Israel) and LY294002 (Beyotime Biotechnology Corporation, Shanghai, China) or not for 12, 24, 48 h. The concentration of IGF-1 on HeLa and CaSki cells was 100 ng/ml, the concentration of LY294002 on HeLa and CaSki cells was 20 and 15 µM, respectively. Then the culture medium was removed before the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) solution (5 mg/ml) was added to the medium and maintained at 37˚C for 4 h, the supernatant was removed and 150 µl DMSO was added to each well under the absorbance measurement at 490 nm.
Colony formation assay. Single-cell suspensions were digested with 0.25% trypsin, harvested and seeded into 6-well plates for 500 cells per well and then cultured in RPMI-1640 in a 5% CO 2 incubator at 37˚C for two weeks. The cell supernatants were removed and washed twice with PBS after visible colonies appeared. Cells were cultured with 4% paraformaldehyde for 15 min then stained with moderate gentian violet solution for 30 min before being washed with PBS. The efficiency of the assay was estimated as follows: Clone forming efficiency = number of colonies/number of inoculated cells x100%.
Cell invasion assay. The invasion of HeLa and CaSki cells was estimated by transwell chambers. Serum free medium and matrigel (1:4) solution (60 µl of 4˚C) was added to upper chambers for 4-5 h at 37˚C. The 200 µl single-cell suspensions (2x10 5 /ml) were seeded into upper chamber and the lower chambers were fixed with 10% medium to incubate for 24 h. The chamber which was fixed in 100% methanol was taken out and subsequently stained with 2% crystal violet for Table Ⅱ . Oligos of 4 pairs of shRNA and 1 pair of NC-shRNA.
Oligo
Oligonucleotide DNA sequence 5' to 3'
aattcACGCGTAAAAAAGTTCTCCGAACGTGTCAC GTTCTCTTGAAACGTGACACGTTCGGAGAACg 30 min. The cell invasion assay was performed by the stained cells in the chamber.
Wound healing assay. Single-cell suspensions were diluted to 5x10 5 per well and seeded into 6-well plates subsequently cultured with serum-free medium overnight. Then the adherent cells were washed with PBS 3 times and exposed in different drugs, respectively, for 0 and 24 h after the cells were scratched by 10 µl pipette tip across the center of the well. The gap distance was photographed by microscopy. ImageJ was used to assess quantitative data.
Cell cycle assay. The exponential phase of HeLa and CaSki cells were added with 0.25% trypsin for digestion, collected, centrifuged at 100 x g at 4˚C for 5 min. Cells were fixed with 70% ethanol after supernatant was removed and then suspended in 50 µg/ml RNaseA (KeyGen Biotech Corp., Ltd., Jiangsu, China) at 37˚C for 30 min and stained in 50 µg/ml PI (KeyGen Biotech Corp., Ltd.) solution for 30 min in the dark. The single-cell suspensions were performed by flow cytometry.
Cell apoptosis assay. Cells in the exponential phase were digested and diluted to a 5x10 4 /ml suspension and seeded into 6-well plates overnight. Subsequently, 5x10
5 single-cell suspension was collected with 500 µl Binding Buffer, then fixed with 5 µl Annexin APC (KeyGen Biotech Corp., Ltd.) and 5 µl PI (KeyGen Biotech Corp., Ltd.) staining solution in the dark for 15 min. Apoptosis of different cells were evaluated by flow cytometry.
IC 50 of HeLa and CaSki by MTT assay. Cells (5x10 4 /ml) were harvested and seeded in 96-well plates, exposed in different concentrations of lobaplatin or irinotecan (concentration was determined by pre-experimentation and referenced to the data of published (18) (19) (20) , final concentration: 2, 4, 6, 8, 12 and 16 µg/ml or 20, 40, 60, 80, 160 and 240 µg/ml, Hainan Changan International Pharmaceutical Co., Ltd., Hainan, China) in a 5% CO 2 incubator at 37˚C for 24 h, the test wells were six-replica. Then each well was fixed with 10 µl per well 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) (final concentration: 5 µg/ml) for 4 h. Subsequently, the media was removed and 150 µl per well of DMSO was added before it was measured at 490 nm by an enzyme standard instrument. This was repeated three times and the average value was taken.
Tumor xenograft experiment. Female BALB/c nude mice at 4 weeks were purchased from Chongqing National Bio Industrial Base Experimental Animal Center (Chongqing, China). HeLa cells (2x10 6 /ml) were collected and suspended in 200 µl PBS. The cell suspensions were injected subcutaneously into the right side near the back of the neck, all of the nude mice were kept in a homeothermic and specific pathogen-free room, temperature and humidity were maintained at 26-28˚C and 40-60%. Nude mice were randomly divided into 3 groups (7 mice per group), Vernier caliper was performed to measure tumor volume every 3 days. All the nude mice were sacrificed by breaking the neck after anesthetized by 10% chloral hydrate and tumor tissues were collected for the next analysis after 30 days. The tumor volume calculation method referred to the following formula: (LxW 2 )/2 (21), where L is the longest tumor diameter and W is the shortest tumor diameter. Animal experiments were strictly as the guidelines of Guizhou Medical University Animal Care Welfare Committee (number: 1702256).
Immunohistochemistry. The expression of PCNA and Ki-67 in nude mice injected with HeLa cells were revealed by immunohistochemistry assay. Fresh tissues were soaked in 4% neutral formaldehyde for 24 h and then dehydrated and paraffin-embedded, the adhesion slides with 4-µm sections were kept at 60˚C for 4 h. Deparaffinizing with xylene and hydrating with an ethanol gradient. Followed by citrate buffer under high pressure to repair the antigen for 3 min and then the slides were incubated with 0.3% H 2 O 2 for 30 min. After that, the sections were rinsed by PBS-T (PBS with 1% Tween-20) and were blocked with 10% goat serum for 30 min at 37˚C. Subsequently, the sections were treated with rabbit polyclonal anti-PCNA (Bioss; 1:100) and rabbit polyclonal anti-Ki-67 (Bioss; 1:100) at 4˚C overnight. According to the recommendation of the antibody specification, positive tissue sections of PCNA (rat liver) and Ki-67 (mouse placenta tissue) were used as control, with PBS instead of primary antibody treated as a negative control. After successfully completing the previous steps, the sections were incubated with a secondary antibody for 20 min at 37˚C and then 3,3'-diaminobenzidine (DAB) color reagent was added followed by hematoxylin staining. The slides were dehydrated and then mounted in neutral resins. H&E staining. The pretreatment of hematoxylin and eosin (H&E) staining was basically the same as the immunohistochemical steps. Sections (4 µm) were treated with hematoxylin reagent for 5 min after deparaffinization and rehydration and then treated with 1% acid-ethanol for 1 sec. Subsequently, the sections were stained by eosin reagent for 3 min. The slides were dehydrated and mounted then photographed by microscopy.
Statistical analysis. The data was collected and expressed as means ± SD. SPSS.23.0 software was used for statistical analysis. All of the experiment were repeated three times and the average value was taken. The comparison of the means of two groups was analyzed by Student's t-test. For all of the differences, P<0.05 was considered to indicate a statistically significant difference.
Results
hnRNP A2/B1 is significantly downregulated by lentivirusmediated shRNA in HeLa and CaSki cells. qRT-PCR and western blot were used to evaluate the efficiency of hnRNP A2/B1 knockdown by lentivirus-mediated shRNA. The results showed that the expression of hnRNP A2/B1 was highly suppressed at both mRNA and protein levels. We designed 4 hnRNP A2/B1-shRNA, the results of qRT-PCR indicted that the best inhibition efficiency was HeLa-shRNA4 (76.58±3.55%) and CaSki-shRNA4 (74.79±3.38%) (Fig. 2A) . Western blot showed that protein expression of hnRNP A2/B1 in HeLa-shRNA4 (73.25±2.78%) and CaSki-shRNA4 (85.74±6.52%) was markedly decreased compared to levels in other shRNA and NC-shRNA group (Fig. 2B) . These results confirmed that the hnRNP A2/B1 was significantly knoced down in HeLa and CaSki cells which were used for further experiments.
Inhibition of proliferation and colony formation in cervical cancer cells via hnRNP A2/B1 knockdown. MTT assay was used to demonstrate the relationship between suppression of hnRNP A2/B1 and cell proliferation (Fig. 3A) . Absorbance value was measured in HeLa and CaSki cells at 12, 24 and 48 h. The absorbance value of hnRNP A2/B1-shRNA in HeLa and CaSki cells significantly decreased compared with NC-shRNA and blank control group at 48 h suggesting successful inhibition of cell proliferation in hnRNP A2/B1 knockdown cell lines.
In addition, colony formation efficiency was decreased in both hnRNP A2/B1 shRNA-treated HeLa and CaSki cell lines, as shown by the colony formation assay (Fig. 3B ). An at least 30% drop in the colony formation rate was observed in HeLa hnRNP A2/B1-shRNA cells as compared to HeLa blank control or HeLa NC-shRNA cells (55.00±4.35 vs. 82.00±4.00 or 84.67±4.61). The colony formation rate was also decreased by more than 35% in CaSki hnRNP A2/B1-shRNA cells as compared to CaSki blank control or CaSki NC-shRNA cells (39.33±3.50 vs. 62.00±5.57 or 60.67±3.05). No significant difference between NC-shRNA and blank control group was observed.
Inhibition of migration and invasion in HeLa and CaSki cells after hnRNP A2/B1 knockdown.
The migration defect mediated by knockdown hnRNP A2/B1 in HeLa and CaSki cells were performed by wound-healing assay (Fig. 4A and C) . Cell motility potential in hnRNP A2/B1-shRNA in HeLa and CaSki cells was significantly decreased compared with NC-shRNA and blank control group. For HeLa cells, the relative migration rate of hnRNA A2/B1-shRNA cells was 431.33±20.03 as compared to 702.00±7.21 or 707.33±7.57 of blank control or NC-shRNA cells. For CaSki cells, the relative migration rate was halved in hnRNA A2/B1 knockdown cells as compared to blank control or NC-shRNA group (303.33±12.22 vs. 735.33±8.33 or 688.00±6.00).
Transwell chamber assay was used to exhibit invasion ability ( Fig. 4B and D) . In both cell lines, the number of cell permeating in hnRNA A2/B1 knockdown cells dropped significantly from blank control or NC-shRNA cells (237.67±7.51 vs. 524.67±17. 5 (Fig. 5A-F) . The results indicate that inhibition of hnRNP A2/B1 boosts the sensitivity of cervical cancer lines towards lobaplatin and irinotecan.
PI3K/AKT signaling pathway plays an important role in hnRNP A2/B1-regulated cell cycle and apoptosis in cervical cancer cell lines.
Flow cytometry was used to investigate the effect of hnRNP A2/B1 knockdown on cell cycle distribution in HeLa and CaSki cells. The proportion of G1 phase cells in hnRNP A2/B1 knockdown HeLa and CaSki cells was significantly increased (Fig. 6A and Table Ⅲ ). No significant difference was seen between NC-shRNA group and blank control group in HeLa or CaSki cells.
We also looked into the relationship between hnRNP A2/B1 inhibition and cell apoptosis. In both HeLa and CaSki cell lines, the apoptosis rate was increased after hnRNP knockdown as compared to blank control or NC groups (25.53 vs. 11.83% or 14.01% in HeLa cells; 46.20 vs. 12.40% or 11.97 in CaSki cells); (Fig. 6B) . The apoptosis rate was similar in the two control groups for both cell lines.
We further tested the change of PI3K/AKT pathway related proteins by Western blot in hnRNP A2/B1 knockdown cervical cancer cells (Fig. 6C) . The hnRNP A2/B1 knockdown group showed the upregulation of p21, p27 and cleaved caspase-3 and downregulation of p-AKT (P<0.05). However, there is no obvious change in the expression level of PI3K and AKT in the knock-down cell lines.
Effects of hnRNPA2/B1 knockdown cells treated with IGF-1 and LY294002, respectively, or not on the activation or inhibition of PI3K/AKT pathway.
To further illustrate the relationship between hnRNP A2/B1 and PI3K/AKT pathway, IGF-1 and LY294002 were used as agonist and inhibitor of the PI3K/AKT pathway. MTT assay and wound healing assay were used to investigate the proliferation and migration of HeLa and CaSki cells after incubated with IGF-1 and LY294002 (Figs. 7A and 8A) . The proliferation and migration phenotype of hnRNP A2/B1 knockdown groups were rescued by IGF-1 treatment while worsened in LY294002 treated group. Validation of activation or inhibition of PI3K/AKT pathway after exposed to IGF-1 or LY294002 was performed by western blotting (Fig. 8B) . The expression of p-AKT was significantly reduced after cultured in LY294002, while the expression of p-AKT was increased both in HeLa and CaSki cells after exposed in IGF-1 (P<0.01). The PI3K inhibitor LY294002 was dissolved in DMSO solution, so the same amount of DMSO was added into cells as the vehicle control group to avoid interference with the experiment. The PI3K activator IGF-1 was reconstituted in sterile 18M Omega-cm H 2 O according to instruction and so no vehicle control group in this drug. The proliferation of HeLa and CaSki cells at 48 h after cultured with DMSO was investigated by MTT assay (Fig. 7B) , the DMSO group had no significant change compared to the non-medicated group.
Effect of hnRNPA2/B1 silencing on nude mouse xenograft in vivo.
To determine the effect of hnRNP A2/B1 knockdown in vivo, the transfected HeLa cells were injected into nude mice to establish a tumor xenograft model. The nude mice were randomly divied into 3 groups for injection with HeLa, HeLa-NC shRNA and HeLa-hnRNP A2/B1 shRNA, respectively. Since a nude mouse of NC group was dead before inoculating tumor cells, the survival rate of nude mice injected with tumor cells was 100% and behavior was normal throughout the experiment. The results showed that the incidence of tumorigenesis in hnRNP A2/B1-shRNA transfected HeLa cells injected group was significantly lower compared to the control and NC-shRNA group (Fig. 9A and B) . To demonstrate whether the proliferation capacity was consistent with the previous experiment results in vitro, immunohistochemistry was used to confirm the expression of PCNA and Ki-67 in vivo and the brown particles were labeled as positive areas. In addition, H&E staining was used to observe the morphological structure in tumor tissues. The results suggested that the positive expression of PCNA (P<0.05) and Ki-67 (P<0.01) were significantly lower in hnRNP A2/B1 knockdown tumor group compared to the other group (Fig. 9C and Table Ⅳ) . As shown in Fig. 9D , the characteristics of xenograft tissues conformed to tumor cells and were as follows: Acidophil hepatocytes with both nuclear and cytoplasmic enlargement, nuclear pleomorphism and hyperchromasia, and frequent multinucleation. In order to further demonstrate the relationship between the PI3K/AKT signaling pathway and hnRNP A2/B1 in nude mouse xenograft tissues, western blot- ting was used for clarification. The xenograft tumor of hnRNP A2/B1-shRNA group could suppress the expression of p-AKT protein, upregulating cleaved caspase-3, p21 and p27 (Fig. 9E) .
The results indicated that it was consistent with the earlier apoptotic and cycle results in vitro from the protein level of xenograft tumor tissues.
Discussion
hnRNP A2/B1 is a set of primer-mRNA binding proteins involved in cell transcription and protein translation. Previous studies suggested that uncontrolled expression of hnRNP A2/B1 is one of the reasons for promoting tumor formation and thus highly expressed in a variety of cancers (9, (22) (23) (24) (25) (26) . Some recent studies suggested that hnRNP A2/B1 is a proto-oncogene, especially in non-small cell lung cancer, the expression of hnRNP A2/B1 may be used as the reference index for evaluating the status and prognostic indicator of disease (27) . The functional role of hnRNP A2/B1 in cervical cancer is rarely reported. Following previous reports, we used cervical cancer cell lines HeLa and CaSki cells with hnRNP A2/B1 knockdown by shRNA as a model to study the role of hnRNP A2/B1 in cervical cancer. hnRNPA2/B1, as a new focus of cancer-associated tumor antigen has gradually attracted scientists' attention. A study by Sinha and colleague showed that hnRNP A2/B1 may be combined with the telomere repeated sequence TTAGGG to protect the telomere from destruction by ribozyme (28) . To investigate how to interrupt these factors, receptor and oncogene signaling pathway to inhibit cancer cell proliferation, invasion and migration has become one of the main strategies for the development of new anticancer drugs. As before, hnRNP A2/B1 knockdown in this study suggested that the proliferation of cervical cancer cell lines was markedly decreased compared to the control group. The proliferation-related antigen PCNA and Ki-67 were also significantly reduced after hnRNP A2/B1 knockdown in vivo. According to previous studies, proliferation-related antigen Ki-67 and proliferating cell nuclear antigen (PCNA) are proteins that are present in the cell proliferative phase and are one of the markers of proliferating cells (29) . Similarly, our study also showed that hnRNP A2/B1 knockdown could inhibit cell colony formation. Upregulated proliferation of cancer cells is one of the mechanism of tumor growth and is the basis of the occurrence and development of cancer cells (30, 31) .
Previous data reported that hnRNP A2/B1 plays an important role in the regulation of the migration, invasion and drug resistance in partial cancer cells. In addition, the process of therapy resistance during the development of pancreatic cancer is related to the high expession of hnRNPA2/B1 (32) (33) (34) (35) . This study showed that the inhibition of hnRNP A2/B1 in cervical cancer cell lines could decrease the ability of migration and invasion. After chemotherapy with lobaplatin and irinotecan respectively, the IC 50 value was significantly reduced in hnRNP A2/B1 knockdown group, these results also confirmed previous research conclusions. This suggests that hnRNP A2/B1 in cervical cancer is associated with drug sensitivity and may be one of the mechanism in enhancement of therapy sensitivity by hnRNP A2/B1 knockdown.
Silencing hnRNP A2/B1 resulted in G1/S cell cycle arrest and accumulation of G0/G1 phase cells (36) . The restriction point of cell cycle at G1/S transition is particularly important and determines the conversion of cell cycle time, the number of S phase and G2/M phase cell proportion can reflect the state of cell proliferation, suggesting active cell growth. The upregulation of checkpoint in cell cycle is closely related to the occurrence of tumors which induce cell apoptosis (37) , and another study also suggested that hnRNP A2/B1 can regulate the expression of p14 and p16 and activate cyclin-dependent kinase 4 to assure the transition between G1 and S phase (38) . The levels of S phase and G2/M phase were decreased in hnRNP A2/B1 knockdown cervical cancer cells which demonstrated that silencing hnRNP A2/B1 could block cervical cancer cell cycle in G1 phase to prevent cell proliferation. Moreover, we indicated that hnRNP A2/B1 knockdown can induce cell apoptosis. p21 and p27, as the inhibitor of cyclin-dependent kinases (CDKs), plays an important part in regulation of cell cycle (39, 40) . Just as our results, the expression of p21 and p27 were increased in vitro and vivo at hnRNP A2/B1 downregulation group and the result suggested that the hnRNP A2/B1 affected cell cycle by regulated p21 and p27 in cervical cancer. Previous studies showed that hnRNP A2/B1 can upregulate the proportion of anti-apoptosis factors and proteins in cells to promote the malignant growth of tumors (41), our study also confirmed this argument. Caspase-3 may be involved in cell apoptosis (42), our results indicated that silencing hnRNP A2/B1 enhanced apoptosis in cervical cancer via activation of caspase-3.
Aberrant activation of the PI3K/AKT pathway is widespread in malignant tumors and is an important pathway to mediate cell cycle, and apoptosis (43, 44) . Licochalcone A induced autophagy by inactivation of PI3K/AKT/mTOR pathway in cervical cancer cells (45) . Activation of the PI3K/AKT pathway could reflect phosphorylation levels of AKT proteins and after phosphorylation, it could be further activated a variety of downstream proteins, such as p21, p27 and caspase-3, which could regulate the state of tumor cells. Our results demonstrated that the expression of p-AKT was reduced in hnRNP A2/B1 knockdown group both in vitro and in vivo and hnRNP A2/B1 was related to PI3K/AKT pathway in promotion of cervical cancer. Previous studies have reported that hnRNP A2/B1 regulates the self-renewal, cell cycle and pluripotency in human embryonic stem cells is related to PI3K/AKT pathway (46) and this was similar to our results.
In conclusion, our findings demonstrate that inhibiting hnRNP A2/B1 expression in cervical cancer can induce apoptosis and cell cycle arrest and enhance the chemotherapy sensitivity of cervical cancer cells to lobaplatin and irinotecan. Analysis of cervical cancer cell lines HeLa and CaSki cells in vitro shows that hnRNP A2/B1 knockdown can reduce the ability of cell proliferation, invation and migration, indicating that hnRNP A2/B1 may be one of the central regulators for cervical cancer. The activation of PI3K/AKT pathway is one of the important mechanisms for hnRNP A2/B1 to facilitate the development of cervical cancer. Therefore, our study suggests that hnRNP A2/B1 may be an important molecular target for cancer treatment of cervical cancer and provide a new direction for clinical treatment of cervical cancer.
